The present study was conducted to investigate the influence of dietary supplementation with different levels of fermented Ginkgo biloba leaves (FGBL) on growth performance, slaughter performance, meat quality, antioxidant enzyme capacity, and free radical scavenging activities of muscles in broiler chickens. A total of 648 one-d-old broiler chickens were randomly allocated into six dietary treatments, including control group (CON group: basal diet), FGBL1, FGBL2, FGBL3, FGBL4, and FGBL5 groups (basal diet containing 1.5, 2.5, 3.5, 4.5, and 5.5 g/kg FGBL, respectively). Body weight gain and feed intake were recorded at 1, 21, and 42 d. At 42 d, 2 birds from each replicate were slaughtered. The results indicated that 3.5 g/kg FGBL diet significantly increased (P < 0.05) ADFI and ADG in 1 to 42 d and ADFI in 22 to 42 d compared with the CON group. In 1 to 21 d, 4.5 g/kg FGBL diet improved (P < 0.05) ADFI and ADG. With dietary FGBL increasing, the feed: gain ratio (F/G) in 1 to 21 d was significantly decreased (P < 0.05). However, birds fed with 5.5 g/kg FGBL had a higher (P < 0.05) F/G compared with other groups in 22 to 42 d and 1 to 42 d. In addition, FGBL3 and FGBL4 showed lower (P < 0.05) L * value in breast muscle, cooking loss in thigh muscle and lower 24 h and 48 h drip loss in both breast and thigh muscles than those of other groups. Furthermore, birds in the FGBL3 and FGBL4 groups increased (P < 0.05) the activity of total superoxide dismutase and total antioxidant capability in muscles, and the scavenging activities of 2,2 -azino-bis (3-ethylbenzothiazoline-6-sulfonic) acid radical, OH r , and O 2 r− in thigh muscle, decreased (P < 0.05) malondialdehyde concentration in thigh muscle, as compared to the CON group. In conclusion, FGBL had the potential to improve the growth performance, meat quality and antioxidant status of broiler chickens. The optimal dose in the present study of FGBL in broiler diets was from 3.5 to 4.5 g/kg.
INTRODUCTION
Ginkgo biloba, the only surviving member of the Ginkgoaceae family, class of Ginkgoatae, has flourished for over 150 million years and hence is considered as a "living fossil" (Huh and Staba, 1992; McKenna et al., 2000; Singh et al., 2008) . The medicinal parts of Ginkgo tree are fresh or dried leaves and seeds (Singh et al., 2008) . In recent years, Ginkgo biloba leaves have attracted an increasing attention as a functional food ingredient because they contain numerous bioactive constituents, such as flavonoids, terpenoids, polyphenols, polysaccharides, vitamins, and minerals. Previous stud- ies have shown that flavonoids had beneficial effect on animals (Yao et al., 2004) . Currently, Ginkgo biloba extract is confirmed to possess the properties of antioxidant (Jiang et al., 2010) , antibacterial (Sati and Joshi, 2011) , antiplatelet (Smith et al., 1996) , anticancer (Kang et al., 2010) , neuroprotection (Da Silva et al., 2011) , and cardioprotection (Liu et al., 2013) .
Fermentation is an ancient technology used in plant food to enhance shelf-life, increase the nutritional quality, and remove undesirable compounds. (Chavan et al., 1989; Frias et al., 2005) . Previous studies have demonstrated that many biochemical changes occurred during fermentation, leading to a reduction of anti-nutritive factor and improvement of bioactivity and digestibility (Ejigui et al., 2005; Zhang et al., 2012) . Furthermore, studies have revealed that fermentation not only has the ability to increase the original bioactive substances 869 of herbs, but also to produce new active compounds such as cellulose, hemicellulase and β-glucosidase (Wu et al., 2015) . In addition, the fermentation process in the present study does not require the use of chemicals and is easy to manage in on-farm conditions or at an industrial scale. . In recent years, fermentation products have been gradually applied to animal production. Early studies showed that 0.5% Aspergillus niger-fermented Ginkgo biloba leaves could effectively improve growth performance, antioxidant capacity, meat quality, intestinal morphology, digestion, and absorption function of broilers Zhang et al., 2012) . Dietary supplementation with 0.5% Ginkgo biloba leaves fermented with Aspergillus niger or combined strain (Aspergillus niger and Candida utilis) increased egg production, reduced serum cholesterol concentrations, and improved the lipid metabolism in laying hens (Zhao et al., 2013) . Then their group evaluated the effects of fermented Ginkgo biloba leaves on antioxidant capacity, intestinal morphology and microbial ecology in broilers and found that diets supplemental 0.5% Ginkgo biloba leaves fermented with Aspergillus niger or combined strain (Aspergillus niger and Candida utilis) increased growth performance, antioxidant capacity, and improved intestinal functions in broiler chicks . However, there are no adequate studies determining the optimum dose of fermented Ginkgo biloba leaves (FGBL) needed to achieve beneficial effects of broilers.
Therefore, the aim of this study was to investigate the effects of different levels of Ginkgo biloba leaves fermented with Aspergillus niger and Candida utilis on growth performance, slaughter performance, meat quality, antioxidant status of breast and thigh muscles, and determinate the appropriate dietary dose for broiler chickens.
MATERIALS AND METHODS

Preparation of FGBL
FGBL were provided by the College of Chemical Engineering, Nanjing Forest University (Nanjing, Jiangsu Province, China). Culturing of Candida utilis and Aspergillus niger and preparation of FGBL sample were conducted according to their previous studies Zhang et al., 2015) .
Experimental Design, Diets and Management
In total, 648 one-d-old commercial Arbor Acres broilers with an average initial body weight (49.57 ± 0.86 g) obtained from a local commercial hatchery (Hewei Company, Anhui Province, China) were randomly divided into 6 treatment groups consisting of 6 replicates of 18 birds each in a randomized complex block design. The dietary treatments included: basal diet (CON group), basal diet supplemented with 1.5, 2.5, 3.5, 4.5, and 5.5 g/kg fermented Ginkgo biloba leaves, respectively (FGBL1, FGBL2, FGBL3, FGBL4, and FGBL5 group). All birds were fed a starter diet from 1 to 21 d of age (starter phase), followed by a growing diet from 22 to 42 d of age (growing phase). Basal diet was formulated according to the NRC (1994) to meet the nutrient requirements of broilers (Table 1) . All birds were placed in wired cages, each replicate was assigned to two cages (150 × 100 × 60 cm 3 , per cage) of 18 chickens and housed in a room maintained at a temperature of 34 to 35
• C for 5 d, and then the environmental temperature was gradually reduced to 22
• C, after which it was reminded unchanged until the end of the experiment. The light regimen was a 12 h lightdark cycle (06:00 to 18:00 h light) throughout the trial. Meanwhile, feed and water were offered ad libitum. The experimental design and procedures were approved by the Animal Care and Use Committee of Nanjing Agricultural University following the requirements of the Regulations for the Administration of Affairs Concerning Experimental Animals of China.
Sample Collection and Procedures
Supplied and leftover feed was weighed weekly throughout the entire experimental period. At the end of the experiment, 2 birds of each replicate with a similar body weight were weighed after feed deprivation for 12 h and immediately slaughtered by exsanguination.
The breast and thigh muscle samples without skin were collected for the determination of meat quality. Parts of these samples were cut from the same location and quickly frozen in liquid nitrogen for further analysis.
Growth Performance
Body weights were measured for each replicate at 1, 21, and 42 d of age and feed consumption of each group were recorded weekly starting from 1 d of age. Growth performance was evaluated in terms of average daily gain (ADG), average daily feed intake (ADFI), and feed: gain ratio (F/G).
Slaughter Performance
Each bird was weighed at 42 d of age and then slaughtered via exsanguination. After sufficiently bleeding and removing feathers, the bird was reweighed for the determination of dressed weight. Then the bird was processed by removing the head, neck, shanks, feet, abdominal fat, and visceral organs (except the kidneys). It should be noted that gizzard and proventriculus were cut open and the content was rinsed. All of the components above were weighed individually. The eviscerated weight was calculated by the difference between dressed weight and the above compositions. In addition, the breast and thigh muscles from the right sides were obtained without skin, thigh bone, and subcutaneous fat and then weighed. The slaughter performance of broilers was evaluated by dressed percentage, percentage of eviscerated yield, percentage of abdominal fat, percentage of breast muscle, and thigh muscle.
Meat Quality
Breast muscle and thigh muscle samples from the right sides were used to determine pH, meat color, cooking loss, drip loss, and shear force.
pH. The muscle pH value was measured at 45 min (pH 45min ) postmortem using a pH meter (HI9025, Hanan Instruments, Padova, Italy) equipped with an insertion glass electrode (FC 230B, Hanna Instrument), as described by Schilling et al. (2008) . Three measurements were taken from each sample.
Meat Color. L * (lightness), a * (redness), b * (yellowness) values were determined at 24 h postmortem using a tristimulus analyser, Minolta Chroma Meter CR-400 (Konica Minolta Sensing Inc., Osaka, Japan) (Li et al., 2012) . Color values were recorded in triplicate on different location of muscles and the average value was used.
Drip Loss. A piece of breast and thigh muscles from the same location were pruned to a shape of 3 × 2 × 1 cm 3 . The weight of the muscles were recorded. Then the fillets were suspended on hooks from the lid of an airtight container as described by Northcutt et al. (1994) . The container was filled with nitrogen in order to avoid evaporation, oxidation and mutual conglutination. All samples were stored at 4 o C. After 24 h, surface moisture of fillets was absorbed with a filter paper and reweighed. Subsequently, the samples were placed back to the container at 4 o C. After 24 h, the fillets were weighed again. Drip loss was calculated as a percentage: (initial weight − final weight)/initial weight × 100.
Cooking Loss. At 24 h postmortem, the muscle samples were weighed and placed into individual plastic bags, and vacuum sealed. Then the samples were cooked in a water bath kettle set at 85 o C until the core temperature reached 77 o C. Subsequently, samples were cooled at room temperature and reweighed, as described by Schilling et al. (2008) . Cooking loss was calculated as a percentage: (raw weight − cooked weight)/raw weight × 100.
Shear Force. Shear force of muscles was measured according to Gao et al. (2015) with some modifications. Breast and thigh meat samples from the same location were trimmed into squares (3 × 3 × 1 cm 3 ) after testing the cooking loss. Shear force of each sample was measured by a Digital Meat Tenderness Meter (C-LM3B, Northeast Agricultural University, Harbin, China). Three shear force values were recorded for each replicate samples by cutting them perpendicularly to the fiber direction and then averaged.
Assay of Antioxidant Indices in Breast and Thigh Muscles
Breast and thigh muscle samples from the liquid nitrogen were homogenized (1:9, wt/vol) with ice-cold 0.86% physiological saline and then centrifuged at 4,000 rpm at 4 o C for 15 min. The supernatant was stored at −20 o C for the determination of enzyme activities. Total antioxidant capability (T-AOC), total superoxide dismutase (T-SOD), catalase (CAT), glutathion (GSH), and malondialdehyde (MDA) were determined using corresponding diagnostic kits (Nanjing Jiancheng Bioengineering Institute, Jiangsu Province, China) according to the instructions of the manufacturer.
Assay of Free Radical Scavenging Activity in Breast and Thigh Muscles
The scavenging activity of 2,2 -azino-bis (3-ethylbenzothiazoline-6-sulfonic) acid radical (ABTS r+ ) was estimated with a ABTS assay kit (Shanghai Beyotime Biotechnology Company, Shanghai, China) according to the instructions of the manufacturer. The scavenging activity of 2,2-diphenyl-picrylhydrazyl radical (DPPH r ) was determined according to the method by Zhang et al. (2014) . Superoxide radical (O 2 r− ) and hydroxyl radical (OH r ) scavenging activities were measured using corresponding diagnostic kits (Nanjing Jiancheng Bioengineering Institute, Jiangsu Province, China) according to the instructions of the manufacturer.
Statistical Analysis
All data were analyzed by one-way analysis of variance (ANOVA) using SPSS statistical software (Ver. 20.0 for windows, SPSS, Inc., Chicago, IL). The statistical differences between treatments were determined by a Duncan test. The orthogonal ploynomial contrast test was performed to determine linear and quadratic effects of increasing inclusion level of FGBL in the diet. The statistical significance level for difference was present at P < 0.05.
RESULTS
Growth Performance
The ADFI and ADG in the FGBL4 group were significantly higher than those of the CON group in 1 to 21 d (Table 2) . ADFI in the FGBL3 group was significantly increased (P < 0.05) compared with the CON group in 22 to 42 d. FGBL3 group had higher ADFI and ADG (P < 0.05), as compared to the CON group in the whole trial period. Diets supplemented with FGBL significantly decreased (P < 0.05) F/G in the starter phase. However, broilers in the FGBL5 group showed higher (P < 0.05) compared with the CON group and other treatments in the grower phase and whole phase. In addition, the average body weight at 21 d in the FGBL3, FGBL4, and FGBL5 groups was significantly increased (P < 0.05) compared with the CON group. The average body weight at 42 d in the FGBL3 group was higher (P < 0.05) than CON group.
During the starter period (1 to 21 d), the grower period (22 to 42 d), and the entire experiment period (1 to 42 d), there was a linear (P < 0.001, P < 0.001, and P = 0.001) and quadratic (P < 0.001, P < 0.001, and P < 0.001) influence on F/G with the inclusion level of FGBL in the diet. ADFI, ADG, and ABW in 1 to 21 d showed a linear (P = 0.007, P < 0.001, and P < 0.001) increase with incremental FGBL inclusion. ADG and ABW of birds in 22 to 42 d, and ADG of birds in 1 to 42 d increased quadratically (P = 0.001, P < 0.001, and P < 0.001) when the FGBL levels increased.
Slaughter Performance
As shown in Table 3 , there was no difference in dressed percentage and percentage of abdominal fat among the treatments (P > 0.05). The percentages of eviscerated yield of FGBL3 and FGBL4 groups were significantly increased (P < 0.05) compared with the CON group. In addition, there was a linear and quadratic influence on the percentage of breast muscle and thigh muscles as the levels of FGBL increasing in the diet. Diets supplemented with FGBL increased (P < 0.05) the percentage of breast and thigh muscles.
Furthermore, the percentage of breast muscle and thigh muscle showed a linear (P = 0.013 and P = 0.005) and quadratic (P = 0.009 and P = 0.003) increase with the inclusion levels of FGBL in the diet. There was a linear (P = 0.006) increase in the percentage of eviscerated yield as supplemental FGBL level increased.
Meat Quality
The effect of dietary FGBL on quality of breast muscle is presented in Table 4 . The lowest L * value (P < 0.05) was observed in the FGBL3 group, as compared with other groups. Birds in the FGBL3 and FGBL4 groups showed lower (P < 0.05) drip loss at 24 h Note: a-c Means within the same row with no common superscripts differ significantly (P < 0.05). 1 CON group, basal diet; FGBL1, FGBL2, FGBL3, FGBL4 and FGBL5 group, basal diet containing 1.5, 2.5, 3.5, 4.5, 5.5 g/kg fermented Ginkgo biloba leaves, respectively.
2 Standard error of the mean based on pooled estimate of variation.
3 Orthogonal polynomials were used to evaluate linear and quadratic responses to the levels of fermented Ginkgo biloba leaves treatment. ADFI, average daily feed intake; ADG, average daily gain; F/G, feed: gain ratio. ABW, average body weight. compared with the CON group. Moreover, drip loss at 48 h of birds in the FGBL3 group was significantly lower (P < 0.05) compared with that of the CON group. No significant differences (P > 0.05) were observed among groups in pH 45min , a * value, b * value, shear force, and cooking loss.
The effect of dietary FGBL on quality of thigh muscle was presented in Table 5 . There was no significant effect on pH45min, meat color and shear force (P > 0.05). The cooking loss, drip loss at 24 h and 48 h of birds in the FGBL3 group were lower (P < 0.05) than those of other groups. Moreover, the cooking loss of thigh muscle showed a quadratic (P = 0.013) dose response and the drip loss at 24 h of thigh muscle showed a linear (P = 0.008) dose response when the FGBL levels increased. Table 6 shows the results of antioxidant enzyme activities and MDA concentration in breast and thigh muscles of broilers. T-AOC and T-SOD activity of breast muscle in the FGBL3, FGBL4, and FGBL5 groups were higher (P < 0.05) than those of other groups. In terms of thigh muscle, the levels of T-AOC were significantly higher (P < 0.05) in the FGBL3 and FGBL4 groups compared with the CON group. Birds in FGBL3, FGBL4, and FGBL5 groups showed lower MDA concentration compared with other groups (P < 0.05). GSH concentration and CAT activity showed no significant difference (P > 0.05) among the treatment groups in both breast and thigh muscles.
Antioxidant Enzyme Activities and Lipid Peroxidation Levels
Furthermore, there was a linear influence on T-AOC activity of breast and thigh muscles (P < 0.001 and P = 0.002), T-SOD activity of breast muscle (P = 0.001) and MDA concentration of thigh muscle (P < 0.001) with the inclusion level of FGBL in the diet. The activities of T-SOD in thigh muscle showed a linear (P < 0.001) and quadratic (P = 0.001) as supplemental FGBL level increased.
Free Radical Scavenging Activities
Significant differences were found in the scavenging activities of ABTS r+ , OH r , and O 2 r− (Table 7) . ABTS r+ scavenging activities of breast muscle in the FGBL3, FGBL4, and FGBL5 groups were significantly higher (P < 0.05) compared with the CON group. In addition, birds in FGBL3 and FGBL4 groups showed higher (P < 0.05) scavenging activities of ABTS r+ and O 2 r− in thigh muscle. In addition, OH r scavenging activity of thigh muscle in FGBL3 group was higher (P < 0.05) than the CON group. However, the Note: a,b Means within the same row with no common superscripts differ significantly (P < 0.05). 1 CON group, basal diet; FGBL1, FGBL2, FGBL3, FGBL4 and FGBL5 group, basal diet containing 1.5, 2.5, 3.5, 4.5, 5.5 g/kg fermented Ginkgo biloba leaves, respectively.
2 Standard error of the mean based on pooled estimate of variation. 3 Orthogonal polynomials were used to evaluate linear and quadratic responses to the levels of fermented Ginkgo biloba leaves treatment. T-AOC, total antioxidant capacity; T-SOD, total superoxide dismutase; CAT, catalase; GSH, glutathione; MDA, malondialdehyde. Note: a,b Means within the same row with no common superscripts differ significantly (P < 0.05). 1 CON group, basal diet; FGBL1, FGBL2, FGBL3, FGBL4 and FGBL5 group, basal diet containing 1.5, 2.5, 3.5, 4.5, 5.5 g/kg fermented Ginkgo biloba leaves, respectively.
2 Standard error of the mean based on pooled estimate of variation. 3 Orthogonal polynomials were used to evaluate linear and quadratic responses to the levels of fermented Ginkgo biloba leaves treatment.
ABTS r+ , 2,2 -azino-bis (3-ethylbenzothiazoline-6-sulfonic) acid radical; DPPH r , 2,2-dipheny-l-picrylhydrazyl radical; OH r , hydroxyl radical; O 2 r− , superoxide radical.
scavenging activities of DPPH r , OH r , and O 2 r− in breast muscle were similar among groups (P > 0.05).
Moreover, the scavenging activity of ABTS r+ in breast muscle and the scavenging activity of OH r in thigh muscle showed a linear (P < 0.001 and P = 0.013) increase with the increasing of dietary FGBL level. There was a linear (P = 0.004) and quadratic (P = 0.012) influence on the scavenging activity of O 2 r− in thigh muscle when FGBL levels increased.
DISCUSSION
In the present study, diets supplemented with FGBL significantly improved the growth performance of broiler chickens. Our results showed that ADG and ADFI by inclusion of 3.5 g/kg FGBL in diets in the whole experimental period were increased by 6.01% and 4.53%, as compared to the basal diet, respectively. Zhou et al. (2015) noted that birds fed with fermented Ginkgo biloba residues had greater final body weight, ADG, and gain:feed ratio than the negative control group. Our results were in agreement with the studies reported by Cao et al. (2012) and Zhang et al. (2015) . Ginkgo biloba leaves, the dried leaves of Ginkgo biloba, contain flavonoids, terpene lactones, polyphenols, polysaccharides, and other compositions with a variety of biological functions, such as improving growth performance, nutrient digestibility, and antioxidant activities of animals ( Van and Montoro, 2009) . It has been reported that flavonoids showed a weak estrogen-like effect, which might be able to act as growth hormones (Havsteen, 2002) . Further studies are needed to explore the specific mechanism because of the complicated nutrition compositions and chemical structures of FGBL. Previous studies have demonstrated that fermented herb additives, such as Artemisia princeps, red ginseng and green tea could effectively improve growth performance and feed efficiency in animals (Ko and Yang, 2008; Ao et al., 2011; Kim et al., 2012) . Therefore, fermentation may play an important role in promoting animal growth. Results showed that the total flavonoid contents of Ginkgo biloba leaves were decreased slightly after fermentation . Microbial enzymes such as β-glucosidase, cellulase, and xylanase produced by fermentation could hydrolyze flavonoid glucosides, break down plant cells, and release free aglycones which may have higher bioactivities (Vattem and Shetty, 2003) . Meanwhile, β-glucosidase decreased the content of flavonoid glycosides, which were the bitter substance in the Ginkgo biloba leaves, and obviously improved the flavor of feed after fermentation. As a result, the palatability of feed and feed efficiency were increased, ultimately leading to the improvement of the growth performance of broilers. However, dietary supplemented with 5.5 g/kg FGBL significantly increased the F/G when compared with other groups. These results suggested that excessive dose of FGBL in diets had a negative effect on growth performance of broiler chickens.
Slaughter performance reflects the deposition of nutrients in animal tissues. Muscle and abdominal fat are the main slaughter traits which play a predominant role in the slaughter performance of broilers. The purpose of the broiler production is to obtain a higher percentage yield of commercial products and consequently, to increase the edible portions (Karaoglu and Durdag, 2005) . In the present study, inclusion of 3.5 and 4.5 g/kg FGBL in the diet increased the percentage of eviscerated yield, percentage of breast and thigh muscle. A similar study was done by Yang et al. (2008) who demonstrated that the dressing percentage was increased by supplementation of 10 g/kg extract of Ginkgo biloba in diets. Zhang et al. (2009) found that the improved carcass quality of broilers was likely due to the effect of bioactive compounds on antioxidant activities and the improving protein and fat metabolism.
Water loss reduces the meat nutritional value by carrying away some nutrients in the exudates, leading to drier and tougher meat and worst in favor (Pelicano et al., 2003) . Drip loss and cooking loss are the indicators reflecting water holding capacity (WHC) of muscles. Similar to the result of Cao et al. (2012) , an improvement in WHC of our experiment was obtained in the FGBL3 group. The color of broiler meat is important because it is directly related to product acquisition and determines consumer acceptability (Pelicano et al., 2003) . The method to assess meat color is an objective colorimetric measurement, which determines the parameter L * , a * , and b * (Barbut, 1993) . In the present study, diets supplemented with 3.5 g/kg FGBL decreased the value of L * in breast muscle. Allen et al. (1998) observed that L * value correlated positively with drip loss and cooking loss. The reason for the reduction of L * value might be associated with elevated antioxidant activity of FGBL which protected cells from damage and prevented cell sap extravasation, finally reduced the light reflection. Poultry meat is easy to be attacked by free radicals and oxidized because of a high concentration of polyunsaturated fatty acids (Arshad et al., 2011) . Therefore, the antioxidant condition of muscles influences the meat quality.
Free radicals are atoms or groups of atoms with an unpaired number electrons, including reactive oxygen species (ROS), reactive nitrogen species (NOS), carbon centered radicals, and sulfur-centered radicals (Miller et al., 1990; Sayre et al., 2001) . ROS represent the most important class generated in living systems, which primarily consist of hydrogen peroxide (H 2 O 2 ), superoxide radical (O 2 r− ), and hydroxyl radical (OH r ). Oxidative damage occurs when there is the overproduction of ROS, which may have detrimental effects on human or animal body (Berg et al., 2004) . In order to protect biological systems from free radical toxicity, several cellular antioxidant defense mechanisms inhibit the generation of ROS. The two kind of proposed mechanisms are directly scavenging free radicals and indirectly inhibiting formation of free radicals (Mahadevan and Park, 2008) .
Several methods have been developed to measure the free radical scavenging capacity, including the measurement of the disappearance of free radicals, such as ABTS r+ , DPPH r , or other colored radicals (Choi et al., 2002) . Superoxide and hydroxyl radicals are the two most representative free radicals. Superoxide radical is normally formed first, and can produce other kinds of cell-damaging free radicals and oxidizing agents in cellular oxidation reactions. Hydroxyl radical is the strongest damaging action of free radicals. (Liu and Ng, 2000) . A notable finding of the present study was that scavenging activities of ABTS r+ , OH r , and O 2 r− in broilers supplemented with 3.5 and 4.5 g/kg FGBL were higher. The high efficiency of the free radical scavenging may be associated with the presence of polyphenolic compounds (Villano et al., 2007) .
The capacity of antioxidant enzymes indirectly reflects the ability of free radical scavenging. T-SOD and CAT are the main antioxidant enzymes in the body that play important roles in balancing body oxidation and antioxidation. MDA is used to assess the degree of lipid peroxidation (Hashemipour et al., 2013) . In the present study, the activities of T-AOC and T-SOD increased in the muscles of broilers when their diets were supplemented with 3.5 and 4.5 g/kg FGBL, while the concentration of MDA was decreased in the thigh muscle of broiler chickens fed with 3.5, 4.5, and 5.5 g/kg FGBL. Increased T-AOC, T-SOD activities, and decreased MDA concentrations at the moderate dietary levels of FGBL may attribute to the increased dietary total polysaccharides and flavonoids . It has been suggested that terpenoids and flavonoids are the main bioactive constituents in Ginkgo biloba leaves (Smith and Luo, 2004) . The improvement of antioxidant activity by fermentation is mainly due to an increase in the release of antioxidant compounds (Hur et al., 2014) . Microbial enzymes hydrolyze phenolic glycosides and release free aglycones, which have the potential for high antioxidant activity (Vattem and Shetty, 2003; Hur et al., 2014) . Our results suggested that FGBL improved the antioxidant properties of breast and thigh muscles in broiler chickens, including both the enhanced free radical scavenging capacity and antioxidant enzyme system. Therefore, improved meat quality, especially the WHC and meat color by feeding diets containing FGBL to birds is likely due to the increased antioxidant activities in broiler muscles.
In conclusion, the results of the present study indicated that FGBL could be a potential feed additive that improved the growth performance and slaughter performance, showed positive effects on cooking loss and drip loss, and enhanced antioxidant activities of breast and thigh muscles in broiler chickens. Especially, diets supplemented with 3.5 and 4.5 g/kg FGBL showed greatest beneficial effects. Based on the above results, the inclusion of 3.5 to 4.5 g/kg would be the appropriate dose of FGBL supplementation in broiler chickens.
